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Central Dogma of Molecular Biology

by The central dogma of molecular biology deals with the detailed

FRANCIS CRICK

MRC Laboratory of Molecular Biology,
‘Hills Road,
‘Cambridge CB2 2QH

;('Tho cen;?l m&nn}m snunciated by' Cricik III'I‘( ll958 and the
eystone ecular blology ever since, is likely to prove a
considerable over-simplification.”

THi8 quotation is taken from the boginning of an unsigned
article! headed ‘‘Central dogma reversed”, recounting the
very important work of Dr Howard Temin® and others®
showing that an RNA tumour virus can use viral RNA
as a template for DNA syntheeis, This is not the first

time that the idea of the central dogma has been mis-

understood, in one way or another. In this article I
explain why the term was originally introduced, its true
meaning, and state why I think that, properly under-
stood, it is still an idea of fundamental importance.

The central dogma was put forward* at a period when
much of what we now know in molecular genetics was not
established. All we had to work on were certain frag-

mentary experimental results, themselves often rather

uncertain and confused, and & boundless optimism that
the ‘basic concepts involved were rathor simple and
probably much the same in all living things. In such a

situation well constructed theories can play a really useful :

part in stating problems clearly and thus guiding experi-
ment.
The two central conoepts which had boen produced,
- originally without any explicit statement of the simplifica-
tion being introduced, were those of sequential information
and of defined alphabets. Neither of these steps was
trivial. Because it was abundantly clear by that time
that a protein had a well defined three dimensional struc-
ture, and that its activity depended crueially on this
structure, it was n to put the folding-up process
on one side, and postulats that, by and large, the poly-
peptids chain folded itself up. This temporarily rec{:;ed
the central problem from a three dimensional one to a
one dimensional one. It was also to argue
that in spite of the miscellaneous list of amino-acids
found in proteins (as then given in all biochemical text-
books) some of them, such as phosphoserine, were second-
ary modifications; and that there was probably a universal
set of twenty used throughout nature. In the same way
minor modifications to the nucleic acid bases were ignored ;

uracil in ' RNA was considered to be informationally
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residue-by-residue transfer of sequential information.
that such information cannot be transferred from protein to either
protein or nucleic acid. .

It states

analogous to thymine in DNA, thus giving four standard
symbols for the components of nucleic acid. IR

The principal problem could then be stated as the
formulation of the general rules for information transfer
from onedpglymer witllx a defined 1"es(:il[)l';nbg;;1:o~am.w,hse:it._
This coul com repreeen the diagram of
Fig. 1 (which was mjly ‘dravm o.t’tl?zt time, though I
am not sure that it was ever published).in - which all
possible simple transfors were represented by -arrows. .
‘The arrows do not, of course, represent the flow of matter
but the directional flow of detsiled, residue-by-residue,
sequence information from one polymer molscule to
another. e ST

Now if all possible transfers commonly ocourred it
would have been almost impossible to.construct useful
theories. Nevertholees, such theories were part‘of our
everyday discussions. This was because it was being -
tacitly assumed that certain transfers could not ocour.

" It occurred to me that it would be wise to state these:

preconceptions explicitly.
DNA
7
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Fig. 2. The arrows show the situation as it seemed In 1956, Sondurlo;:

- represent probable . transfers, dotted arrows L s
absent arrows (compare Fig. 1) re; \ % impossible - transfars”
postulated by the m%mm the three possible arrows .

om protetn, -

‘A little analysis showed that tmm«;oould ‘be
divided roughly into three groups.: ‘group was .
those for which some evidence, direct or indirect, seemed
to exist. These are shown by the solid arrows in Fig. 2.

R I(s) DNA—SDNA

I() DNA—-RNA . .
I (¢) RNA—Protein
| ' I(@d) RNASRNA,
The last of theso transfers was presumed to occur becaise
of the existence of RNA viruses. =~~~ =~
- Next there were two transfers (shown in Fig. 2 as dotted
arrows) for which there was neither any rimny ‘
evidence nor any strong theoretical requirement.:’ They'.

II (a). RNA—DNA. (soe the reference to Temin's work?)

- II (b)." DNA—Protein .’ E .
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The latter was tho transfer postulated by Gamow, from
(double stranded) DNA to protein, though by that time
his particular theory had been disproved.

The third class consisted of the three' transfers the
arrows of which have been omitted from Fig. 2. Thes
were the transfers:

III (@) Protein—sProtein
III (b)) Protein—+RNA
III (¢) Protein~+DNA '

.. The general opinion at the time was that class I almost

A organisms, and not to

N certainly existed, class IT was probably rare or absent,

and that class IIT was very unlikely to occur. The
decision had to be made, therefore, ‘'whethor to assume
that only class I transfers occurred. There were, however,
no overwhelming structural reasons why the transfer in
class II should not be impossible. In fact, for all we
knew, the replication of all RNA viruses could have gone
by way of a DNA intermediate. On atlllm gthelr“l;:iﬁd, thﬁe
were good. general reasons against all the t. possible
transfers in class ITT. In brief, it was most unlikely, for
stereochemical - reasons, that. protein—protein transfor
could be done in the simple way that DNA—DNA transfer
was- envisaged. = The transfer protein—~RNA (and the
analogous protein—+DNA) would have required (back)
translation, that is, the transfer from one alphabet to a
structurally quite different one. It was realized that
forward translation . involved very complex machinery.
Moreover, it seemed unlikely on general grounds that this
i could easily work backwards. The only reason-
able altemative was that the oell had evolved an entirely
separate det of complicated machinery for back translation,
and of this there was no trace, and no reason to believe
that it might be needed. ’ : ‘
I decided, therefore, to play safe, and to state as the
basic assumption of the new molecular biology the non-
existence of trdnsfers of class IIT. Because these were all
the poesible transfers'from .protein, the central dogma
could be stated in the form “unce (sequential) information
has passed into protein it cannot get out again”t, About
class I[’,’I,decided‘?to remain discreetly silent.
At this stage X must make four points about the formula-
tion of the central which have occasionally pro-
duced mmunderltmdmgu (See, for example, Commoner*:

his error has been Eomted out by Fleischman® and on

more general by Hershey”.) . .

(1) It says nothing about what 'the machinery of
transfer is made of, and in particular nothing about
errors. . (It was assumed that, in general, the aceuracy of
transfer was high.) = - . : .

(2) It says nothing about control mechanisms—that is,
about the rate at which the processes work.

(3) It was intended . to apply only to present-day

ts in the remote past, such as
the origin of life or the origin of the code.

(4) It is not the same, as is commonly assumed, as the
sequence - hypothesis,” which was clearly distingui
from it in the same articlet, In particular the sequence
h; is was a positive statement, saying that the
(overall) transfer nucleic acid—»protein did exist, whereas
the central dogma was a negative statement, saying that
transfers from protein did not exist. .

In looking back I am struck not only by the brashness
which allowtlad us to vt?ntu:oi'o po;’erﬁlxll statements of a
very general nature, but the rather dslicate
discrimination used in selecting tht statements to make.
Time _bas shown that not everybody appreciated our

restraint.
80 much for the hi of the subject. What of the
ear that the old classification,

present ? I think it is ¢
though useful at the time, could be improved, and I
ible transfers be regrou

suggest that the nine
tentatively into three o . I propose that thesop?‘b;
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day. Solid arrows show

Fig. 8. A tentative classification for the present
celgonl arrows show »

ers; dotted transfers. Again, the
absent arrows are the undetected ers specified by the central

dogma.

called general transfors, special transfers and unknown
transfers.

General and Special Transfers :
A general transfer is one which can ocour in all cells.
The obvious cases are
DNA-+DNA
DNA—-RNA
RNA—Protein

Minor exceptions, such as the mammalian reticulocyte,
which probably lacks the first two of these, should not
exclude. -

- A special transfer is one which does not occur in most
cells, but may occur in special ciroumstances. Possible
candidates are .

' RNA-»RNA
RNA--»DNA
_DNA—Protein’

At the t time the first two of these have only been
shown-in certain virus-infocted cells. As far as I know
there is no evidence for the third exoept in ‘a special cell.
free system containing neomyeins®, ‘though by a trick it

probably be to happen, using neomycin, in an

could
intact bacterial cell.

Uninown Transfers
These are the three transf
postulates never oceur:
- Protein—»Protein

, Protein—»DNA -

H : - Protein—»RNA" .

- Stated in this way it is clear that the special transfors
are those about which there is the most uncertainty, - It
might indeed have *“‘profound implications for molecular
biology*? if any of these special transfers could be shown
to be general, or—if not in ‘all cells—at, least to be widely
“distributed. . 8o far, however, there is no evidence for the
first two of thess except in a cell infected with an RNA
virus. In such a oell the central dogma demands that at
least one of the first two special transfers ahould ocour—
this statement, inocidentally, shows the power of the
central in making theoretical oredictions. Nor, as
I have indicated, is there any good theoretical reason why
the transfer RNA—DNA. should not sometimes be used.
I have nover suggested that it cannot ooour, nor, as far
I know, have any of my ocolleagues. - . - L o

Although the details of the classification rorooed here

are plausible, our knowledge of molecular biology, even
in one oell—lct alone for all the organisms in nature—. -
is still far too incomplete to allow us to assert dogmatioally
that it is correct. (There is, for example, the problem of
the chemical nature of the agent of the disease scrapis:

which the central dogma
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seo the articlos by Gibbons and Hunter® and by Griffithte,
Nevertheless, we know enough to say that a non-trivial)
example showing that the classification was wrong could
be an im t discovery. It would certainly be of great
interest to find a cell (as opposed to a virus) which had
RNA as its genetic material and no DNA, or a cell which
used single-stranded DNA as messenger rather than RNA.
Perhaps the so-called repetitive DNA is produced by an
RNA—DNA transfer. Any of these would be of the
greatest interest, but they could be accon:modated into
our thinking without undue strain. On the other hand,

.the discovery of just one type of present day cell which

could carry out any of the three unknown transfers would
shake the whole intellectual basis of molecular biology,
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and it is for this reason that the central dogma is as
important today as when it was first proposed.

" Recetved July 8, 1970.
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